Since the gas vesicle protein (GVP) is highly conserved among the different gas-vacuolate prokaryotes, a 29-mer oligonucleotide corresponding to a portion of the Anabaena flos-aquae GVP gene was synthesized and used to isolate the GVP structural gene from Calothrix PCC 7601 (= Fremyelia diplosiphon). Gas vacuole production 1n this filamentous cyanobacterium is restricted to hormogonia which occur at a specific stage during the developmental cell cycle. The GVP gene (gvpA) was localized on a 709 bp HindlH-HincII fragment. Nucleotide sequence analysis revealed a 213 bp open reading frame whose deduced am1no-ac1d sequence shows a very high homology with that of the Anabaena flos-aquae GVP. Assuming that the first methionine residue is proteolytically processed, the molecular mass of the Calothrix GVP is 7375 daltons. Sequences resembling the Escherichia coli consensus promoter were found upstream from the qvpA gene^ THI initiator codon of the qvpA gene 1s preceded by a polypurine sequence assumed to be the ribosome binding site. Southern hybridizations with a probe specific for the qvpA gene indicated that this gene is not plasmid-borne, and that another homologous gene is present 1n the Calothrix genome.
Gas-vacuolate prokaryotes are most commonly planktonic and synthesize gas vacuoles constitutively (1,2). However, there exist nonplanktonic filamentous cyanobacteria 1n which gas vacuole formation occurs at a specific stage 1n their developmental cell cycle. Gas vacuole formation 1n these organisms is restricted to specialized filaments called hormogonia which differentiate at the tapering ends of trichomes (1). In contrast to vegetative trichomes, hormogonia are generally motile and supposedly play a role 1n the dispersal of a species 1n its natural habitat. Changes 1n environmental factors, such as light Intensity and/or wavelength, as well as nutrient availability have been shown to Induce formation of gasvacuolate hormogonia (1,11-13 and G. Guglielmi, personal communication). However, the precise regulatory mechanism of this differentiation process remains unknown.
In this report, we present the Isolation and the nucleotide sequence of the structural gene encoding the GVP of the filamentous cyanobacterium Caiothrix PCC 7601. To our knowledge, this 1s the first gene encoding GVP which has been cloned and the first molecular marker available to study hormogonia differentiation in cyanobacteria.
MATERIALS AND METHODS

Materials
Restriction enzymes, calf Intestinal alkaline phosphatase, T4 DNA ligase and T4 polynucleotide kinase were purchased from Genofit. Kienow (21) . Large-scale phage purification and DNA extraction were performed as described (22) .
Recombinant X DNA fragments were electroeluted from agarose gels and subcloned either Into the E. coli plasmid pl)C9 or into the M13 phage vectors mp8 and/or mp9 (23) previously digested with the appropriate restriction enzymes. Strains used to propagate recombinant, pUC9 plasmids and M13 phages, were RDP 211 [exconjugant of RDP153 (24); F128 from JM103 (25)] and TGI, a restrictionless derivative of JM101 (25), respectively. Plasmid DNA extraction was performed as described (26) .
Synthesis of oligonucieotides
The 29-mer oligonucleotide used to probe the gvpA gene, as well as specific 14-roer and 17-mer oligonucleotides used as sequencing primers were synthesized by an Applied Biosystems Model 380A automated DNA synthesizer as described previously (27 (29) To clone the sequence homologous to the probe, a genomic library from Calothrix PCC 7601 was constructed in the X EM8L3 vector and screened. Five X recombinants which strongly hybridized with the 29-mer probe were selected and one of them, XGVP7, was studied further. This recombinant carried a total insert of ^ 20 Kb as revealed by ^a_U digestion (Fig. IB,  lane a) . After digestion with ^al_I and Hindlll or Hindlll alone (F1g. IB, lanes b and c), the same 2.6 Kb band exhibited hybridization; this fragment had the size expected from hybridization with total genomic DNA digests (Fig. 1A, lane b) . This 2.6 Kb Hindlll DNA fragment was subcloned into the E. coll vector pUC9 and a partial nucleotide sequence was obtained by using With the gene encoding the GVP now Isolated and sequenced, one can address a number of questions regarding the gas vacuole formation process. The qvpA gene will provide an hybridization probe to determine the number of gyp genes and their molecular organization, not only in cyanobacterial strains, but also 1n other prokaryotes such as archaebacteria. It will also become possible to study the regulation of the ayj) gene(s) in different physiological conditions and this should help to determine precisely the factor(s) which trigger(s) gas vacuole production. Lastly, this gene provides the first molecular probe to study the differentiation of vegetative trichomes Into hormogonia during the developmental cycle of a number of filamentous cyanobacteria.
